Background: Nalbuphine is a derivative of 14-hydroxymorphine which is a strong analgesic with mixed k agonist and µ antagonist. Nalbuphine was studied several times as adjuvant to local anesthetics in spinal, epidural and local intravenous block. The aim of this study was to evaluate the effect of nalbuphine as an adjuvant to local anesthetics in supraclavicular brachial plexus block. Patients and Methods: Fifty-six patients undergoing elective forearm and hand surgery under supraclavicular brachial plexus block were allocated randomly into one of two groups of 28 patients each to receive either 25 ml (0.5%) bupivacaine with 1 ml of NS or 25 ml (0.5%) bupivacaine with 1 ml (20 mg) nalbuphine. Onset time and duration of both sensory and motor block, and post-operative analgesia were observed. Result: Nalbuphine group showed significant increase in the duration of motor block (412.59 ± 18.63), when compared to control group (353.70 ± 29.019) p-value < 0.001, also, there was significant increase in sensory duration in nalbuphine group (718.14 ± 21.04) when compared to control group (610.18 ± 26.33) p-value < 0.001, without affecting the onset time of the blockade. And also, there was a significant increase in the duration of analgesic effect in nalbuphine group (835.18 ± 42.45) when compared to control group (708.14 ± 54.57) p-value < 0.001. Conclusion: The present study demonstrates that addition of 20 mg nalbuphine to bupivacaine in supraclavicular brachial plexus block is associated with significant increase in the duration of both sensory and motor block and also prolong the duration of analgesia.
Background
Brachial plexus block is a versatile and reliable regional anesthetic technique with multiple applications. Nowadays, it is a suitable alternative to general anesthesia for certain patients. Brachial plexus block is most commonly used regional nerve block of the upper extremity, which avoids the undesired effect of anesthetic drugs used during general anesthesia and the stress of laryngoscopy and tracheal intubation. Patients can also enjoy postoperative period free from nausea, vomiting, cerebral depression and immediate postoperative pain [1] .
The supraclavicular brachial plexus block has many advantages over other approaches to brachial plexus block. It provides complete and reliable anesthesia for upper limb surgery. It is performed at the level of the trunk where the plexus is presented most compactly [2] .
It is always the interest of an anesthetist to increase the quality of local anesthetics, by increasing the duration of the block and decrease the incidence of local anesthetic toxicity. So many adjuvants added to local anesthetics to prolong the block duration and reduce the toxicity, like opioids [3] , dexamethasone [4] , and clonidine [5] .
Nalbuphine was studied several times as an adjuvant to local anesthetics in spinal, epidural and local, intravenous block, and the result of all studies concludes that nalbuphine is effective when used as an adjuvant to local anesthetics in spinal, epidural, and local intravenous block, as it significantly prolongs the block duration.
Nalbuphine is a derivative of 14-hydroxymorphine which is a strong analgesic with mixed k agonist and µ antagonist. The analgesic effect of nalbuphine has been found to be equal to the analgesic effect of morphine but unlike it has a ceiling effect on respiration. Nalbuphine has the potential to maintain or even enhance µ-opioid based analgesic effect while simultaneously mitigating the µ-opioid side effects [6] .
Objective of Study
Nalbuphine was studied several times as adjuvant to local anesthetics in spinal, epidural and local intravenous block. The aim of this study was to evaluate the effect of nalbuphine as an adjuvant to local anesthetics in peripheral nerve block, so we compare the effect of a combination of nalbuphine and bupivacaine versus bupivacaine alone in supraclavicular brachial plexus block for the patients undergoing elective upper limb surgeries.
Patients and Methods
This double-blinded randomized controlled clinical trial was carried out in Kasr Al-Ainy hospital, faculty of medicine, Cairo University, between June 2014 and October 2015. After obtaining approval of the departmental scientific and ethical committee, fifty-six ASA physical status I and II patients of sexes, 18 -60 years old, undergoing elective forearm and hand surgery in orthopedic and plastic surgical operating theater were included in the study. The exclusion criteria of this study were; patient refusal for the procedure, any bleeding tendency or patient on oral anticoagulants, neurological deficits involving brachial plexus, patients with allergy to local anesthetics, local infection at the site of injection, patients on any sedatives or antipsychotics, and body mass index >35.
Patients were randomly allocated into two equal study groups. The randomization sequence was concealed in opaque sealed envelopes that were kept by the senior anesthesia staff. The envelope was opened at the beginning of the operation before initiation of the block after obtaining written informed consent from the patients. Patients will be distributed into two groups.
Group-C: control group, 28 patients will receive 25 ml of ml of bupivacaine 0.5% and 1 ml normal saline. Group-N: nalbuphine group, 28 patients will receive 25 ml of ml of bupivacaine 0.5% and nalbuphine 1 ml (20 mg).
Primary Outcomes
1) The onset of sensory and motor blockade. 2) Duration of sensory and motor blockade.
3) Duration of analgesia (first request for analgesic).
Secondary Outcome Parameters

1) Blood pressure (BP).
2) Respiratory rate. 3) Oxygen saturation (SpO 2 ). All patients were subject to systematic preoperative assessment including history taking, physical examination, and review of the results of routine investigations. Visual analogue pain score (VAS) was explained to all candidates where zero corresponds to no pain and 10 is indicative of the worst unbearable pain.
On arrival to the preparation room: A 20 gauge IV cannula was inserted into a peripheral vein in the contralateral arm. Patients were sedated by 0.01 -0.05 mg/kg of intravenous midazolam, additional intravenous fentanyl 1 mic/kg was added as needed (to keep moderate sedation; arousable on command). Patients were then transferred to the operating room where basic monitoring (Electrocardiography (ECG), Non-invasive Blood Pressure (NIBP) and pulse oximetry (SpO 2 )) were attached. Baseline heart rate, blood pressure, oxygen saturation and respiratory rate were recorded as pre-block values.
The patient was placed in supine position with the head turned 45 degrees to the contralateral side. An ultrasound machine (Mindray M7) and a 12 MHz linear type probe were used. After skin preparation and local anesthetic infiltration of skin, the supraclavicular fossa was scanned to locate the subclavian artery, first rib, pleura and brachial plexus cluster, and then a 22 gauge, 5 cm, echogenic needle (B. Braun) was advanced from the lateral to medial in the long axis of the ultrasound beam. The needle was advanced towards the 'corner pocket', where the lower trunk commonly lies in this area (between the subclavian artery medially, the first rib inferiorly and the plexus superiorly), and then half volume of prepared local anesthetic mixture either with 1 ml saline or with 20 mg nalbuphine was injected, then we repositioned the needle cranially toward the neural cluster in order to apply the remaining volume of local anesthetic just above and lateral to subclavian artery.
During the intraoperative period; heart rate, blood pressures will be noted every 5 minutes (min) during the first 15 min., and then every 15 min. throughout the surgery. Inadequate sensory and motor blockade beyond 30 min following the infiltration of local anaesthetics will be considered as an unsuccessful block.
After the procedure, patients were taken for surgery, and we observed the onset of both sensory and motor blockade, duration of both motor and sensory blockade and duration of analgesia (first request for an analgesic) was measured by interviewing the patient in the early postoperative period (2 hours). Patients were monitored routinely, and any side effects were noted. In the postoperative period if patients started to complain (VAS > 3); rescue analgesia was given in the form of pethidine 1 mg/kg, paracetamol (Perfalgan ® ) 1 gm IV drip and/or diclofenac sodium (Voltaren ® ) 75 mg IM, till VAS ≤ 3.
Statistical Analysis
Assuming that the mean duration of the sensory block of bupivacaine is 4 hours, two-tailed α error probability of 0.05 and β error probability of 0.2 (power of 80%); a total sample size of 56 patients randomly allocated into two equal groups (28 patients per group) will be required to detect a presumed minimum clinically significant increase of 10% in the duration of sensory block.
All the statistical analyzes were performed using The SPSS software (version 14.0; SPSS Inc, Chicago, IL, USA). Data presented as a mean and standard deviation or number and percentage. The t-test was used to examine the differences between means. Statistical significance was accepted for a P-value of <0.05.
Results
A total of 66 patients were assessed for eligibility to our study, but six patients not meeting inclusion criteria and other four patients were declined to participate so ten patients were excluded from the study. Fifty-six ASA physical status I and II patients of both sex, 18 -60 years old, undergoing forearm surgery and hand surgery in orthopedic, and plastic surgical operating theater of Kasr Al-Ainy hospital who fulfilled the inclusion criteria, had been enrolled in the study. All enrolled patients have already completed the study. Those patients were randomly allocated into two groups, 28 patients each.
Demographic data including (age, gender, weight, ASA classification and duration of surgery) did not show any statistically significant difference between the two studied groups. About 75% of the total study population was ASA class I, Table 1 .
Regarding sensory and motor block onset, results showed that nalbuphine group had a rapid onset of both motor and sensory but without a statistically significant difference, p-value > 0.05 as demonstrated in Table 2 .
The results were found as regards the motor block duration; the motor block duration was longer in Nalbuphine group when compared to control group, and these differences were statistically significant, p-value < 0.001, Table 3 .
Nalbuphine group showed delayed sensory block regression, with statistically significant differences when compared to control group (p-value < 0.001).
When comparing the duration of analgesia following nerve block administration, a significant difference was found between Nalbuphine group and control group (p-value < 0.001), Table 4 .
The nerve blockade administered was successful in all patients of the studied groups. None of the patients required rescue analgesia intraoperatively or postoperatively in the Post-Anesthesia Care Unit (PACU). No block related change in hemodynamics and no block related toxicity of local anesthetics. 
Discussion
The result of our study showed that addition of 20 mg nalbuphine to 0.5% bupivacaine for supraclavicular brachial plexus block results in significant increase in the duration of motor block (412.59 ± 18.63), when compared to control group (353.70 ± 29.019), also, there was significant increase in sensory duration in nalbuphine group (718.14 ± 21.04) when compared to control group (610.18 ± 26.33), without affecting the onset time of the blockade. And also, there was a significant increase in the duration of analgesic effect in nalbuphine group (835.18 ± 42.45) when compared to control group (708.14 ± 54.57). Nalbuphine was studied as an adjuvant to local anesthetics in epidural, caudal, and intrathecal anesthesia [7] [8]. But after research in the literature, we did not find any published data studying the effect of nalbuphine when used as an adjuvant to local anesthetics in peripheral nerve block.
Nalbuphine is a mixed k-agonist-μ-antagonist opioid with a moderate analgesic effect when compared to morphine. Its affinity to k-opioid receptors results in analgesia, sedation, and cardiovascular stability with minimal respiratory depression. There is a great similarity between butorphanol and nalbuphine regarding the chemical nature (synthetic mixed k-agonist-μ-antagonists), also, both have the same mode of action on opioid receptors, and inhibition of neuronal serotonin uptake which leads to augmentation of the spinal inhibitory pathways for pain [9] . Stimulation of opiate receptors on neurons of the central nervous system lead to an inhibition of intracellular adenylyl cyclase, an opening of potassium channels, and closing the calcium channels. This leads to hyperpolarization of the cell membrane potential and inhibition of action potential transmission of ascending pain pathways [10] .
For many years ago, different types of opioids (fentanyl, morphine, tramadol, and butorphanol) have been added to local anesthetics in peripheral nerve block to improve the quality and increase the duration of anesthesia and post-operative analgesia. Ranjit et al, studied the effect of 2 mg butorphanol as adjuvant to bupivacaine in supraclavicular nerve block to the patients scheduled for elective surgery of hand and forearm, and concluded that butorphanol prolongs the duration of supraclavicular brachial plexus block when given along with bupivacaine. And they explained the effect of butorphanol through stimulation of opioid receptor on neurons of the central nervous system [10] . Kapral et al. added tramadol to mepivacaine in axillary brachial plexus block and found that the mixture of 100 mg tramadol and 1% mepivacaine provides a significant prolongation of the axillary plexus blockade without side effects. And they explained the effect of tramadol through affecting the opiate receptors by tramadol and its metabolites [11] . Wajima et al. showed that continuous infusion of butorphanol locally into the brachial plexus sheath provided a better analgesic effect to that of continuous intravenous systemic injection [12] . In another study, Wajima et al. found that butorphanol 2 mg with 0.5% mepivacaine provides sufficient postoperative analgesia after upper limb surgery [13] . So these previous studies demonstrated that different types of opioids act well on peripheral nerve through stimulation of opioid receptor.
The result of our study correlates well with VeenaChatrath, et al. who compared the postoperative analgesic effect of both tramadol and nalbuphine when used epidurally in patients undergoing lower limb orthopedic surgery. And concluded that nalbuphine group was better regarding a better quality of surgical analgesia, lesser incidence of side-effects and complications [14] . Yoon et al. studied 60 female patients scheduled for the caesarean section under spinal anesthesia to receive 0.1 mg morphine or 1 mg nalbuphine or 0.1 mg morphine with 1 mg nalbuphine in addition to 10 mg 0.5% bupivacaine and concluded that effective analgesia was prolonged in the morphine group and morphine with nalbuphine group [15] . Hala et al who compared the effect of intrathecally nalbuphine to fentanyl in Sixty female patients undergoes elective cesarean deliveries with spinal anesthesia, and concluded that either intrathecal nalbuphine (0.8 mg) combined with (10 mg) bupivacaine or intrathecal fentanyl (25 μg) combined with (10 mg) bupivacaine prolong early post-operative analgesia without any statistically significant difference between both groups [16] . Shehla Shakooh et al, who used nalbuphine (preservative free) 0.8 mg as an adjuvant to intrathecal hyperbaric bupivacaine (0.5%) for various lower abdominal and lower limb surgeries and compared its postoperative analgesic effect under spinal anaesthesia to hyperbaric bupivacaine (0.5%) alone, and they concluded that, nalbuphine as an adjuvant to spinal anaesthesia shortens the onset of sensory and motor block, prolongs duration of sensory and motor blockade, provides effective postoperative analgesia, provides desirable sedation intraoperatively and does not result in any major adverse effects [17] . Culebras et al. compared the different doses of nalbuphine when given intrathecally in doses of 0.2 mg, 0.8 mg and 1.6 mg in 90 obstetric patients undergoing a caesarean section and found that, 0.8 mg as the most effective dosage [18] . Arghya Mukherjee et al, who studied the effect of nalbuphine when used as an adjuvant to 0.5% hyperbaric bupivacaine in spinal anesthesia, and concluded that, 0.4 mg of nalbuphine is the most effective dose that prolongs duration of analgesia early postoperatively without increasing the risk of side-effects. So they recommended that the optimal dose of nalbuphine, when used intracecally along with 12.5 mg 0.5% hyperbaric bupivacaine for spinal anesthesia in patients undergoing orthopedic surgeries in lower limb, is 0.4 mg of nalbuphine [19] . Maha M.I et al; which compared the effect of nalbuphine as adjuvants to lidocaine in intravenous regional anesthesia to tramadol effects, and they concluded that both nalbuphine and tramadol effects were comparable. However, nalbuphine was proved to be more effective than tramadol in prolonging the duration of postoperative analgesia [20] .
Conclusion
The present study demonstrates that the addition of 20 mg nalbuphine to bupivacaine in supraclavicular brachial plexus block in patients undergoing forearm and hand surgeries is associated with a significant increase in the duration of both sensory and motor block and also prolongs the duration of postoperative analgesia.
